Resonant X-Ray Scattering (RXS) on Layered
Manganites: Observing the Orbital Ordering Effect

Yi-De Chuang', Zahid Hussain', Antonio Nissen', Dong Qian2, M. Zahid
Hasan?, T. Kimura3, Y. Tokura3, John Mitchell*

1. Advanced Light Source, Lawrence Berkeley National Laboratory
2. Department of Physics, Princeton University
3. Department of Physics, University of Tokyo
4. Material Science Division, Argonne National Laboratory

N
\

11/12/2004 ALS user's meeting, October, 2004

.



Strong Electronic Correlation Effect

Complex phase diagram in 3d Transition Metal
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manganite physics extremely
complicated!
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Intimate Interplay Between Various Degrees of Freedom T\Q
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Competition/cooperation between spin, charge, lattice and orbital degrees of freedom
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Strong interplay results. in phase separation (nm~um),
percolation induces “colossal’ effect
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How to Study Orbital Physics? Resonant X-ray Scattering

Hard X-ray scattering
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*Strong resonance enhancement
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«Azimuth scan suggests either (3y?-r? : 3x?-r?) or (y?-z? : x?>-z%) orderings
*Need to measure other orbital superlattice reflection to uniquely determine the

ordering states

Atomic Scattering Factor (ASF) is sensitive to charge / orbital arrangement
(overlap between Mn 4p orbital and O 2p-Mn 3d hybridization via Coulomb
interaction), as well as local lattice distortion (Jahn-Teller effect).
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Ordering in Charge and Orbital Channels —\'"
ProsCag, ,MnO; Mn L edge Other material systems are currently been investigated
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K. Ishizaka et al. PRL 92, 196404 (2004)

in and orbital orderings as function of temperature
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OK, What Do We Want to Work on Layer Manganites? T\1\”}

I. Hard X-ray is different from soft X-ray

hard

Il. Single layer manganite is different from double layer

.

HERKELEY LAam

“Simple strategy: pick the easy target first before

working on something hard”

At commensurate doping, ordering phenomena

can be observed in charge, orbital or spin
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Experimental Details “
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Resonance Enhancement of Superlattice Reflection |
Lay 5SrysMnO, (single layer) Experimental data on LaSr,Mn,O, (double layer)
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Temperature Effect
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T. Kimura et al., PRB 58, 11081 (1998)
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Correlation Length vs. Temperature L]
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*No significant change in coherence length through phase transition.
Favors phase separation scenario.
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Summary and Future Direction

We observed the orbital superlattice reflection in bilayer manganite LaSr,Mn,0,:

*Strong resonance enhancement at Mn L edge
*Strong temperature dependence with large hysteresis loop similar to resistivity curve

The correlation length of superlattice reflection:

*No noticeable change across phase transition (*)

*Nearly identical to the correlation length observed in hard X-ray, as well as single layer manganite La, ;Sry sMnO,
*Insensitive to layer structure

What’s next? CMR effect and the influence of charge / orbital orderings
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